Introduction
There has been considerable interest in the recent times on studies pertaining to the interaction of main group elements with carboxylic acids owing to their relevance in catalysis, surface modification of materials and building up of new metal organic frameworks such as MIL-53 (Material of the Lavoisier Institute) [1] . Aluminum carboxylates in particular have been studied in detail because of their biological relevance [2, 3] , their use as precursors for materials science applications (alumina fibers, aluminum oxides, as well as the relevance to alumoxanes) [4e12] , and in organic synthesis [13] . A detailed study on the interaction of a bulky trialkylaluminum with carboxylic acids was carried out by Barron et al. in 1997 [10a] . Lewi nski et al. [14e16] have later studied the reaction between trialkylaluminum and several mono carboxylic derivatives such as 2-amino benzoic acid, 2-hydroxy benzoic acid and phthalic acid, and isolated dimeric [ [15] , and tetranuclear [(AlMe 2 ) 2 (m-O 2 C) 2 -1,2-C 6 H 4 ] 2 [16] adducts respectively. Amino acids and related ligand complexes with Me 3 Al have been studied by Redshaw et al., who have isolated and structurally characterized hexa-and dodecanuclear organoaluminum ring structures [17] . Recently, Ziemkowska et al. have reported the reaction of trialkylaluminum compounds with diphenic acid in a 2:1 molar ratio resulting in the formation of novel dialkylaluminum dicarboxylates [Et 4 [18] .
Generally, alumoxanes of general formula (R 2 AlOAlR 2 ) n or (RAlO) n are formed by the controlled hydrolysis of alkylaluminum compounds [19] . However, a number of alternative routes have also been investigated which are essentially based on reactions of trialkylaluminum compounds with oxygen-containing inorganic or organic compounds [20] , including reactions from aluminum carboxylates [13, 21] . The synthesis of well-defined carboxylate-substituted alumoxanes has been accomplished by Barron et al. starting from alumoxanes and carboxylic acids. A "top-down" approach from boehmite [Al(O)(OH)] through its interaction with carboxylic acids has also been reported [9a] . This approach in particular has given access to a variety of newer applications for this class of compounds.
Despite the wealth of the organoaluminum carboxylate chemistry [6, 21, 22] , the effects of variation in the constitution of aluminum alkyls (e.g. nature and bulkiness of R groups) and the carboxylic acids (e.g. placing [26] . Of these three products, compound C has been characterized by a single crystal X-ray diffraction study and was found to possess the triangular carboxylate structure with a [M 3 (m 3 -O)] core. Although the molecular structures of A and B have not been established in the solid state, this study clearly indicated that there are further possibilities to isolate other structures of organoaluminum carboxylates if 1 is reacted with other types of carboxylic acids. Our interest hence has been to investigate the reactivity of 1 toward benzoic acids, especially those contain bulky alkyl groups and additional functional groups on the aryl ring. The aromatic carboxylic acids 4-methyl benzoic acid, 4-tertbutyl benzoic acid, 3,5-di-iso-propoyl salicylic acid, and 3,5-di-tertbutyl salicylic acid monohydrate were chosen in order to explore the difference in reactivity pattern between alkyl substituted benzoic acids and hydroxyl group substituted benzoic acids.
Synthesis and characterization of 2e5
An equimolar reaction between 1 and 4-ReC 6 pattern), the aryl methyl or tertiary butyl groups, and the upfield signal for the AleMe protons. Although there is a possibility of the presence of both cis and trans isomers (with respect to the alkyl groups on aluminum), we observed only one isomer in solution in the NMR timescale, which is also consistent with the results of the X-ray diffraction study for 2 (vide infra). Replacement of the 4-methyl or 4-tert-butyl benzoic acids in the above reactions by 3,5-di-iso-propyl salicylic acid (H 2 dipsa), under otherwise identical reaction conditions leads to formation of [(Me 3 Si) 3 CAl(m-dipsa)] 3 (4) . Compound 4 is free from any AleMe group suggesting that the dipsaH 2 has reacted with 1 through both carboxylic acid and phenol terminals, presumably forming a chelate ring which can undergo further oligomerization by expansion of the aluminum coordination sphere (see below). In the IR spectrum of 4, the n(CeO) absorption bands are observed at 1618 and 1544 cm
À1
, that are characteristic of bidentate bridging carboxylates groups [9a] . This further confirms some degree of association through the carboxylate groups in the molecule. The elemental analysis and 1 H NMR spectral data further support the formulation for compound 4.
Switching the carboxylic acid source from 3,5-di-iso-propyl salicylic acid to 3,5-di-tert-butyl salicylic acid monohydrate (H 2 dtbsa$H 2 O) has two objectives: (i) the presence of bulky tert-butyl groups ortho to the phenolic group may leave the eOH unreacted unlike the case of H 2 dipsa; (ii) the monohydrate form of the carboxylic acid would serve as stoichiometric source of (nonaqueous) water in the reaction medium which would in turn aid facile synthesis of organoalumoxane-carboxylates. The reaction of , characteristic of bidentate carboxylates groups. Although it has been possible to deduce the composition for the new compounds from analytical and spectroscopic data, the uncertainties in establishing their association number led to the determination of the single crystal structures of derivatives 2, 4, and 5 by X-ray diffraction studies. The single crystals for all the three compounds were obtained by the recrystallization of the crude products from a toluene/petroleum ether or a THF/petroleum ether solution at low temperatures. The details of the molecular structures of these compounds are described below.
Molecular structure of 2
Compound 2 crystallizes in the monoclinic space group C2/c as the toluene solvate with only one half of the molecule occupying the asymmetric part of the unit cell. In the dimeric product the two tetrahedral aluminum centers are bridged by two carboxylate ligands, both of which exhibit a bidentate syn, syn-type of bridging (Fig. 1) . The eight-membered Al 2 O 4 C 2 ring that results is perfectly planar with the Al/Al non bonded distance of 4.428(8) A (Fig. 1) . On the tetrahedral aluminum centers the other two coordination sites are occupied by a methyl and a tris(trimethylsilyl)methyl groups in a trans-fashion with the respect to the central eightmembered ring.
The two AleO distances in the molecule (Al (1)eO (1) 1.827(3) Al (1)eO (2) 1.817(3) A) are almost equal and are comparable to similar distances found in other organoaluminum carboxylates [26] . The two AleC distances however in the molecule vary somewhat from each other. While the short distance (Al(1)eC (11) 1.958(4) A) is associated with the AleMe linkage, the longer bond (Al (1)eC (1) 1.998(3) A) corresponds to the AleC(SiMe 3 ) 3 linkage. Similar small variation in the AleC distances has also been observed in the case of 1 [25] . This variation can be ascribed either to the steric bulkiness of the C(SiMe 3 ) 3 group or even to the reduced hyperconjugation in the AleC bond involving C(SiMe 3 ) 3 group. The angles around tetrahedral aluminum deviate significantly from ideal values (105.1(1)e122.3 (2) ). The largest value of 122.3 (2) is associated with the exocyclic CeAleC angle.
Molecular structure of 4
Compound 4 crystallizes in the orthorhombic chiral space group P2 1 2 1 2 1 . The asymmetric part of the unit cell contains one molecule of 4 shown in Fig. 2 . The single crystal X-ray diffraction study confirms that the H 2 dipsa ligand has reacted with aluminum via both carboxylic acid and phenol terminals forming a six-membered chelate ring through the phenolic oxygen and one of the carboxylate oxygen atoms (e.g. O1 and O2 around Al1) as shown in Fig. 2(a) . The other oxygen of the carboxylate anion bridges the neighboring aluminum (O3 coordinated to Al2). This chelating-bridging nature of the dipsa ligand results in the trimerization of three [(Me 3 Si) 3 CAl(dipsa)] units resulting in a e[AleOeCeOeAleOeCeOeAleOeCeO]e ring. The three six-membered chelate AlO 2 C 3 rings are fused to the central (1)eC (1) 108.9(1), C(11)eAl (1)eC (1) 12-membered rings on the same side to produce a bowl-like structure as shown Fig. 2(b) , while the three bulky eC(SiMe 3 ) 3 groups lie on the other side of the bowl. The six-membered chelate rings are almost planar, although the central 12-membered ring is highly non-planar ( Fig. 2(b) ). Such a trimeric association with an approximate 3-fold symmetry, observed for 4, is previously unknown among organoaluminum carboxylate compounds.
The AleO(phenoxide) bonds are slightly shorter (average 1.75 A) than the AleO(carboxylate) bonds (average 1.79 A). The AleC distances (average 1.96 A) are comparable to those found for 2 above. Each of the tetrahedral aluminum atoms, being part of a chelate and a macrocylic ring, shows considerable deviation from ideal tetrahedral angles (range: 97.3(1)e120.8 (1) ).
Molecular structure of 5
Compound 5 crystallizes in the triclinic space group P-1 with only one a full molecule of 5 occupying the asymmetric part of the unit cell along with 1.5 molecules of THF (Fig. 3) . The central core of 5 although would seem somewhat similar to that of 2 described above, there are some essential differences. First of all, the methyl groups present on each of the aluminum atoms in 2 are absent in 5 and are substituted by a single bridging oxo ligand (O7). This brings about a large change in the core structure. The Al 2 O 4 C 2 eightmembered ring in 5 produces two planar CO 2 Al 2 segments, which are roughly orthogonal to each other. The presence of the m-oxo ligand completes two six-membered Al 2 O 3 C rings which exist in a half-chair conformation. The presence of the m-oxo ligand brings the two aluminum centers in 5 very close to each other (Al1/Al2 ¼ 2.83 A) (the Al/Al distance in 2 4.43 A). For comparison, the AleAl distance in the bulk cubic face centered aluminum metal is 2.859 A [27] . Due to the poor quality of the structure refined, other metric properties of 5 are not described in detail.
Another notable feature of 5 is that the phenolic eOH group of H 2 dtbsa ligand does not react with the AleC bonds. The reaction most probably proceeds via the reaction of the water part of the (1)eO (1) 1.762(3), Al (1)eO(2) 1.805(3), Al (2)eO(3) 1.780(3), Al (2)eO(4) 1.746(3), Al (2)eO(5) 1.807(3), Al (3)eO (6) 1.779(3), Al(3)eO (7) 1.740(3), Al (3)eO (8) 1.813(3), Al (1)eO(9) 1.780(3), Al (1)eC(14) 1.957(4), Al (2)eC(37) 1.960(3), Al (3)eC(60) 1.958(2) A; Selected bond angles: O (1)eAl (1)eO(2) 97.3(1), O (1)eAl (1)eO(9) 107.4(1), O(9)eAl (1)eO(2) 100.6(1), O (1)eAl (1)eC(14) 114.6(1), O(9)eAl (1)eC(14) 114.0(1), O (2)eAl (1)eC(14) 120.8(1) . H 2 dtbsa monohydrate with 1 to initially produce [((SiMe 3 ) 3 C)(Me) Al(THF)] 2 O, which then reacts with the carboxylic acid group to yield 5 (Scheme 2). Thus, in the absence of water in the reaction medium leading to the formation of 4, the phenol eOH group reacts with the metal alkyl group. In the formation of 5 however water and carboxylic acid protons react with the aluminum centers leaving the phenol group intact in the product.
Summary
We have described in this contribution the reaction of [(Me 3 Si) 3 CAlMe 2 $THF] with four different benzoic acid derivatives and isolation of three different structural types of organoaluminum carboxylates. The triply trimethylsilyl substituted methyl group on aluminum not only offers greater solubility for the organoaluminum carboxylates described in this study, but also imparts both thermal and hydrolytic stability for the products obtained. The isolation and structural characterization of trimeric 4 represents a new structural type for organoaluminum carboxylates. Although other methods to introduce water in the reaction medium to hydrolyze either 2 or 3 did not yield any characterizable products, introduction of water in the form of monohydrate of di-tert-butyl salicylic acid has allowed us the isolation of a rare example of an organoalumoxane carboxylate 5.
Experimental section

General
All the manipulations including the synthesis of the compounds and the preparation samples for spectral and elemental analysis have been carried out in an inert atmosphere (dinitrogen) using either a vacuum line or an MBraun Glove box. The 1 H NMR spectra (Me 4 Si external standard) were recorded on a Varian VXR 400S spectrometer. Infrared spectra were obtained from a Nicolet Impact-400 FT-IR spectrometer. Microanalyses were performed on a Thermo Finnigan (FLASH EA 1112) microanalyzer. Solvents were purified and freshly distilled prior to use [28] . Commercially available starting materials such as 3,5-di-iso-propyl salicylic acid, 3,5-di-tert-butyl salicylic acid hydrate, 4-methyl benzoic acid and, 4-tert-butyl benzoic acid (all from Aldrich) were used after vacuum drying. (Me 3 Si) 3 CAlMe 2 $THF was synthesized using a previously reported procedure [25] .
Preparation of [(Me
To a toluene (30 mL) solution of 1 (360 mg, 1 mmol), a solution of 4-methyl benzoic acid (136 mg, 1 mmol) in toluene (30 mL) was added dropwise at 0 C with constant stirring. The solution was allowed to reach room temperature over 4 h and subsequently warmed at 50 C for 30 min. The solvent was removed completely under vacuum and the resulting white powder was dissolved in petroleum ether (5 mL)/THF (3 mL), filtered, and left for crystallization at À20 C to obtain colorless crystals of 2$toluene. 
Preparation of [(Me 3 Si) 3 CAl(m-dipsa)] 3 (4)
A similar synthetic procedure to that described above for compound 2, starting from 1 (360 mg, 1 mmol) and H 2 dipsa (222 mg, 1 mmol) in toluene. Single crystals of 4 were obtained from a toluene/petroleum ether solution at À20 C after 20 days. 
Single crystal X-ray structures
The single crystals suitable for X-ray diffraction studies were obtained directly from the reaction mixture as described above. Intensity data were collected on a Stoe AED (for 2) or an Oxford Xcalibur CCD diffractometer (for 4 and 5) using monochromatic Mo Ka radiation. The structures of both 2 and 4 were solved by direct methods and refined with full-matrix least-squares against F 2 using all data (SHELXS and SHELXL) [29] . All non-hydrogen atoms were refined anisotropically. Hydrogen atoms were constrained geometrically to their parent atoms. The solvent molecule, toluene, was found to be disordered in the structure of 2 and was appropriately treated with two positions for each of the carbon atoms. Compound 4 contains a severely disordered C(SiMe 3 ) 3 group caused by free rotation of the AleC bond (Al2eC60). The silicon and carbon atoms of this disordered group were appropriately split and refined.
The quality of the X-ray data obtained for compound 5 was extremely poor (R int ¼ 0.29 and R s ¼ 0.75). However, the structure of the compound could be fully solved although the refinement already converges at R 1 ¼ 0.167. Hence the details of the molecular structure of 5 have not been presented in detail. 
